We describe a method using a gas chromatograph with electron ionization detection (GCD) for the simultaneous determination of morphine, codeine, 6-monoacetylmorphine, ethylmorphine, and dihydrocodeine in blood. The method employs propionic anhydride in the presence of triethylamine to propionylate free hydroxyl groups of the opiates in blood. The quantitation is achieved by using GCD with selected ion monitoring of the two most characteristic ions for each analyte. The quantitation limit was 0.01 mg/t and the linearity was 0.01-10 mg/L for dihydrocodeine, ethylmorphine, and 6-monoacetylmorphine. For the other investigated opiates, the quantitation limit was 0.025 mg/L and linearity was 0.025-10 mg/L. The intraday relative standard deviation (RSD) varied from 7.2 to 10% at the 0.5 mg/L level, and the day-to-day RSDs varied from 7.5 to 11% at the 0.85 mg/L level.
Introduction
Heroin, morphine, codeine, dihydrocodeine, and ethylmorphine are widely used and abused. Urine is commonly employed as a specimen when abused opiates are analyzed. Sometimes quantitation of these substances in the blood is necessary, for example, in forensic toxicology and in cases of drugs and driving.
Heroin and morphine concentrations decline rapidly in blood, and the measured concentrations in blood are often low. Determination of the opiates is complicated also because derivatization is needed prior to analysis. Many different derivatizating agents have been used for this purpose, including MBTFA (trifluoroacetyl derivates) (1), acetic anhydride (acetyl derivatives) (2) , BSTFA/1% TMCS (trimethylsilyl derivates) (3), PFPA (pentafluoropropionyl derivates) (3), deuterated acetic anhydride (4) , and propionic anhydride (5, 6) .
These methods have been compared earlier, and their advantages and disadvantages have been reviewed (3, 7) . Both perfluoroesters and trimethylsilyl derivatives are known to be " Author ~o whom cocrespondence shouId be addressed.
sensitive to moisture (2) , and therefore, the preparation and handling of these derivatives require anhydrous conditions. Derivatization with acetic anhydride converts heroin metaboIRe 6-acetylmorphine (6-AM) to diacetylmorphine, which is the same compound produced by derivatization of morphine itself. Therefore, acetylation can not be used when 6-AM needs to be analyzed (7) . Propionic anhydride is preferred for derivatization because it yields a good baseline separation of peaks; propionyl derivatives are also more stable than trifluoroacetyl derivatives (7) .
It is known that both acetic anhydride and propionic anhydride need a catalyst in the derivatizing reaction (8) . Dimethylaminopyridine (8) and pyridine (2,4,5) have been used for this purpose. Other compounds containing a hydroxyl group can also be derivatized using propionylation or acetylation. For example, acetic anhydride with triethylamine was used in the derivatization of cyclic adenosine monophosphate in urine (9) .
We describe here a method that involves the formation of propionyl derivative in order to get a cleaner background for the analysis.
The opiate derivatives obtained by the current method were analyzed with a gas chromatograph with an electron ionization detector (GCD) in selected ion monitoring (SIM) mode. The GCD provides universal detection. Virtually any compound that is volatile below 400~ and has a molecular weight below 425 amu can be detected by the GCD. GCD can also be used in the SIM mode, but only two characteristic ions of the spectra can be selected for this purpose (10).
Materials and Methods

Chemicals and reagents
Morphine sulfate was obtained from Sigma, ethylmorphine hydrochloride from University Pharmacy, codeine phosphate from Leiras, dihydrocodeine hydrocloride from RBI, 6-acetylmorphine hydrocloride from UNDCP (United Nations Drug Control Program), and flurazeparn hydrochloride from Roche. Propionic anhydride and triethylamine were purchased from Fluka. All chemicals were analytical reagent grade. 
Instrumentation
The analysis was performed with a Hewlett-Packard GCD instrument (HP G1800 A GCD) equipped with an HP 7673A autosampler. An HP-5 (30 m x 0.25-mm i.d., 0.25-pm film thickness) capillary column was used for identification. The carrier gas was helium at the constant flow of 0.7 mL/min, and the operation conditions were as follows: the initial temperature was 150~ for I min; it was then raised at the rate of 30~ to 220~ and finally raised to 320~ at 10~ and held for I min.
Experimental
Extraction of opiates
One milliliter of 0.5M Na2HPO4.H20 buffer was added to 1 mE of blood standard mixtures containing morphine, codeine, ethylmorphine, 6-AM, and dihydrocodeine at the levels of 1.5, 1.25, 0.75, 0.25, and 0.10 mg/L, blank, and sampies. The opiates were extracted with 5 mL of n-butylacetate (flurazepam 0.1 ng/mL in extraction solvent as internal standard). After centrifugation, the organic layer was transferred to a clean test tube and evaporated to dryness.
Derivatization
Triethylamine (100 pL) and propionic anhydride (100 pL) were added to the residue and mixed. The tubes were capped tightly and heated for 30 min at 80~
Extraction of derivated substances
After cooling, the derivated substances were again extracted by mixing with 2 mL of 0.5M Na2HPO4.H20 and 5 mL of organic solvent. After centfifugation, the organic layer was evaporated to dryness. The residue was redissolved in organic solvent (100 IJL), and 1 IJL of the solution was injected into the GCD.
Evaluation of optimal volume of triethylamine
Different amounts of triethylamine were tested for optimal derivatization of opiates. The optimal volume was evaluated using opiate standards at a concentration of 1.0 mg/L. The amount of propionic anhydride was 100 IJL, and the reaction conditions used were 30 min at 80~ Figure 1 illustrates the effect of different amounts of triethylamine on the derivatization. The figure indicates that the optimum amount of triethylamine was equal to propionic anhydride (100 IJL), and the derivatization is 2-3 times more effective with a catalyst in reaction.
Results and Discussion
The derivated compounds were analyzed with the GCD instrument. Examples of the total ion chromatogram and the spectra for the calibrators in blood are shown in Figure 2 . The total ion chromatogram reveals that propionylation and GCD analysis provide a good separation of all five investigated opiates. Table I summarizes the retention times (RT) and the significant ions of the propionic anhydride derivatives of opiates. The limitation of GCD, that only compounds with a mass spectrum lower than 425 (11) can be analyzed, was not critical for opiates because all propionylated opiates yielded spectra with mass fragments under 425.
For quantitation, GCD analyses were performed in the SIM mode, and the following masses were selected: 341 and 397 for morphine, 327 and 268 for 6-AM, 282 and 355 for codeine, 357 and 284 for dihydrocodeine, 296 and 369 for ethylmorphine, and 86 and 99 for flurazepam.
Stability of derivatives
The propionic anhydride derivatives are said to be more stable than trifluorocetyl derivatives (7). Opiate derivatives were found to be stable until 150 h after the first analysis at room temperature.
Interfering substances
Interfering substances in the developed methods were tested. Dextromethorphan, dextromoramide, pentazocine, oxycodone, hydromorphone, and oxymorphone were analyzed using the same procedure as with opiates. The only compound that was found to interfere was hydromorphone, which gave a positive morphine result after propionyl derivatization with GCD information of "bad qualifier ions". The derivated compound could then be identified by total ion monitoring. Figure 3 shows the derived spectrum of hydromorphone. Hydromorphone was thus separated from morphine by its spectrum and different ion ratios.
Validation of the method
Linearity and detection limits. The method was linear for all detected opiates up to 10 mg/L. The limit of quantitation (signal-to-noise ratio = 3) varied from 0.05 to 0.1 mg/L. The relative standard deviation (RSD) and relative error. Relative standard deviation was calculated from repeated analyses during one work day (intraday RSD) and from different analyses on successive working days (day-to-day RSD). The relative error was calculated by dividing the absolute error of a measurement by the assigned value of the analyte. Table II summarizes the validation data of the developed method.
The validation data show that the current method is reliable also when only two ions are used for the quantitation. The developed method has been used for routine analysis in the laboratory for two years; the method is also accredited. Table III shows urine and blood results of 11 drug-anddriving cases with positive opiate-screening results in urine.
Conclusions
Propionic anhydride together with triethylamine yields derivatives of opiates with good separation in GCD.
The benefits of this method in comparison to the method of Guillot et al. (8) The developed method is sufficiently sensitive for the reliable detection of opiates in blood. It is also simple to use in routine analysis, even though GCD is highly automated, making autotunes as well as selecting ions for SIM mode automatically. The same method that is used for blood can also be used for other biological specimens as well as for urine and hair. It is also possible to analyze the same derivated compounds using gas chromatography-mass spectrometry because derivatization yields spectra with three specific ions.
In the developed method, flurazepam was chosen as an internal standard because it is not on the market in our country, and the results with flurazepam were good. It can be replaced with nalorphine or with deuterated opiates. The developed method has been compared with other methods used for opiate blood quantitation in different laboratories. Table IV summarizes the Nordic Quant external quality-control results for the years 1997 and 1998. The laboratory quality-control scheme results show that the developed method is reliable for detecting morphine and codeine in blood.
